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1 Cancer Diagnosis and Therapy 

2 

3 Technical Field 

4 The invention relates to a novel oncofetal 

5 glycoprotein which is expressed in certain tumours, 

6 antibodies to the protein, and uses of the 

7 antibodies in cancer diagnosis. 
8 

9 Background Art 

10 The cancer phenotype typically displays loss of 

11 differentiation, loss of proliferative control and 

12 altered cell adhesion molecule expression. Cell 

13 surface proteins have been shown to play an 

14 important role in cell-cell interactions (eg NCAM) , 

15 cell-extra-cellular interactions (eg CD44) and cell 

16 regulation (eg Notch signaling) . 
17 

18 Some of these cell surface proteins have oncofetal 

19 expression profiles and as such have been used as 



1 tumour specific diagnostic markers (eg CEA) . A 

2 further use for antibodies specific for cell 

3 surface proteins over expressed in cancer has been 

4 in the treatment of cancer by 

5 immunotherapy /radioimmunotherapy (eg Herceptin an 

6 antibody recognizing HER2) . 
7 

8 Statements of Invention 

9 In one aspect, the invention relates to an isolated 

10 nucleic acid sequence which comprises a sequence 

11 selected from the group consisting of: Sequence ID 

12 No.l, Sequence ID No, 2, and Sequence ID No. 3. 

13 Typically, the nucleic acid sequence is a DNA 

14 sequence. In one embodiment, the nucleic acid 

15 sequence consists of a sequence selected from the 

16 group consisting of: Sequence ID No. 1, Sequence ID 

17 No. 2 and Sequence ID No. 3. 
18 

19 The invention also relates to an isolated protein 

20 encoded by the isolated nucleic acid sequences of 

21 the invention. Typically, the protein is a cell 

22 surface glycoprotein. In one preferred embodiment, 

23 the isolated protein is an oncofetal protein 

24 expressed by an astrocytoma cell. Typically, the 

25 protein has a molecular weight of approximately 

26 200kda. In this specification, the term "protein" 

27 should be understood as including amino acid 

28 sequences which would more generally be referred to 

29 a peptides. 
30 

31 In another aspect, the invention relates to an 

32 antibody which binds specifically to the protein of 



1 the invention and any other antibody that competes 

2 directly or by stearic hindrance therewith for said 

3 protein. Typically, the antibody is a monoclonal 

4 antibody. In one embodiment, the antibody is a class 

5 M immunoglobulin with a kappa-light chain. 
6 

7 In another aspect, the invention relates to a 

8 fragment of the antibody of the invention, which 

9 fragment binds specifically to the protein of the 
10 invention. 

11 

12 In another aspect, the invention relates to a method 

13 of producing an antibody to a protein comprising: 
14 

15 - innoculating an animal with a protein according 

16 to the invention, wherein the protein elicits an 

17 ■ immune response in the animal to produce the 

18 antibody; and 
19 

20 - isolating the antibody from the animal. 
21 

22 In one embodiment, the animal is innoculated with G- 

23 CCM cells of ECACC deposit No. 86022702. 
24 

25 In a further aspect, the invention relates to a 

26 process for producing a hybridoma, comprising the 

27 step of innoculating a suitable subject with a 

28 protein according to the invention,, or an antigenic 

29 fragment thereof, and fusing cells from the subject 

30 with a myeloma cell to produce the hybridoma. 

31 Typically, the subject is innoculated with G-CCM 

32 cells of ECACC deposit No. 86022702. 
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4 

1 

2 In a further aspect, the invention relates to a 

3 hybridoma cell obtainable according to the above 

4 process. In one embodiment, the invention relates to 

5 a hybridoma cell of, or derived from, ECACC Deposit 

6 No. 03073001. 
7 

8 A deposit of hybridoma cells according to the 

9 invention was made at the European Collection of 
Cell Cultures on 30 July 2003 and accorded the 

11 accession number ECACC 03073001. 
12 

13 In another aspect, the invention relates to a 

14 monoclonal antibody obtainable from the hybridoma 

15 cell of, or derived from, ECACC Deposit No. 

16 03073001. 
17 

18 The invention also relates to a method of detecting 

19 an astrocytoma cell in a sample of human cells, 
which method comprises the step of contacting the 
cell sample with an antibody of the invention, or a 
fragment thereof, and detecting those cells which 

23 have bound the antibody or fragment, wherein binding 

24 of the antibody or the fragment to a cell is 

25 indicative of an astrocytoma cell. Typically, the 

26 antibody is a monoclonal antibody of the invention. 
27 

28 The invention also relates to a method of detecting 
a primary breast carcinoma cell in a sample of human 
cells, which method comprises the step of contacting 

31 the cell sample with an antibody of the invention, 

32 or a fragment thereof, and detecting those cells 
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1 which have bound the antibody or fragment, wherein 

2 binding of the antibody or the fragment to a cell is 

3 indicative of a primary breast carcinoma cell. 

4 Typically, the antibody is a monoclonal antibody of 

5 the invention. 
6 

7 The invention also relates to a diagnostic kit for 

8 diagnosing the presence of a cell selected from the 

9 group consisting of: astrocytoma cells; malignant 

10 melanoma secondary tumour cells; and primary breast 

11 carcinoma cells, the kit comprising an antibody 

12 according to the invention, or a fragment thereof. 

13 Typically, the antibody is a monoclonal antibody of 

14 the invention. In one embodiment, the antibody of 

15 the invention comprises a detectable label. 

16 Alternatively, the kit comprises a secondary 

17 antibody which specifically binds the antibody of 

18 the invention, which secondary antibody comprises a 

19 detectable label. 
20 

21 The invention also relates to a biological targeting 

22 device comprising an antibody, typically a 

23 monoclonal antibody, of the invention, or a fragment 

24 thereof, and a therapuetic ligand. 
25 

26 The invention also relates to a therapeutic antibody 

27 comprising an antibody, typically a monoclonal 

28 antibody, of the invention, or a fragment thereof. 
29 

30 The invention also relates to a method of treating 

31 cancer in an individual by inducing apoptosis in 

32 cells in the individual which express a protein of 



1 the invention, which method comprises a step of 

2 treating an individual with an antibody of the 

3 invention, or a fragment thereof. Typically, the 

4 antibody is a monoclonal antibody. In one 

5 embodiment, the cancer is selected from the group 

6 consisting of: malignant astrocytomas ; malignant 

7 melanoma secondary tumours; and primary breast 

8 carcinomas. Typically, the antibody is humanised. 
9 

10 The invention also relates to a polynucleotide which 

11 is anti-sense to an insolated nucleic acid sequence 

12 of the invention. In one embodiment, the anti-sense 

13 polynucleotide comprises, or consists of, a sequence 

14 of Sequence ID No. 4. 
15 

16 The invention also relates to a method of treating 

17 cancer in an individual by inducing apoptosis in 

18 cells in the individual which express a protein of 

19 the invention, which method comprises a step of 

20 treating an individual with an anti-sense 

21 polynucleotide of the invention. In one embodiment, 

22 the cancer is selected from the group consisting of: 

23 malignant astrocytomas; malignant melanoma secondary 

24 tumours; and primary breast carcinomas. Methods of 

25 delivery of anti-sense polynucleotides will be well- 

26 known to those skilled in the art of gene therapy. 
27 

28 The monoclonal antibodies of the invention may be 

29 the complete antibodies described herein, or 

30 fragments thereof. That is, they may be any fragment 

31 of a monoclonal antibody of the invention that 

32 specifically recognises the protein of. the 



1 invention. Such fragments include Fab, F(ab')2, 

2 Fab', etc. These fragments ban be prepared by 

3 digestion with an enzyme such as papain, pepson, 

4 ficin, or the like. The properties of the obtained 

5 fragments can be confirmed in the same manner as 

6 described herein. 
7 

8 The principle reason for the poor prognosis 

9 associated with malignant astrocytomas is recurrence 

10 due to invasion of surrounding brain parenchyma by 

11 tumour cells with an invasive phenotype. This 

12 phenotype displays loss of differentiation, 

13 secretion of proteases and altered cell adhesion 

14 molecule expression. As part of an investigation 

15 into the mechanisms of astrocytoma invasion, 

16 monoclonal antibodies (Mab) were raised against cell 

17 surface proteins expressed by an anaplastic 

18 astrocytoma cell line (G-CCM) . One of the 

19 antibodies produced (MQl Mab) recognizes a 

20 previously undescribed cell surface glycoprotein 

21 (MQl) . In vitro MQl protein expression was found on 

22 astrocytomas and fetal astrocytes, with the level of 

23 expression increasing with astrocytoma malignancy 

24 and decreasing with fetal astrocyte maturity. 

25 immunohistochemistry on histologically normal and 

26 neoplastic brain tissue demonstrated that MQl 

27 protein expression is restricted to astrocytomas 

28 (n=52). Other primary brain tumours tested 

29 (oligodendrogliomas, neurinomas, PNET, and 

30 medulloblastomas) and normal brain cells, including 

31 neurons, oligodendrocytes and endothelial cells were 

32 MQl negative, thus indicating that the MQl proteins 
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1 have the expression pattern of oncofetal proteins. 

2 Similarily a study looking at primary breast 

3 carcinomas found 60% were MQ1 positive (n=228) . 

4 Surrounding normal tissue, fibrocystic disease and 

5 fibroadenoma tissue were MQ1 negative. Malignant 

6 melanoma secondary tumours to the brain were also 

7 found to be strongly MQ1 positive. 
8 

9 A cDNA expression library was synthesized from G-CCM 

10 mRNA and screened with the MQ1 antibody. Two 

11 positive clones were isolated (Sequence ID No . s 1 

12 and 2) and sequencing data demonstrated that both 

13 have a high degree of homology with Jaggedl, a human 

14 Notch ligand which plays a role in differentiation 

15 and determination of cell fate. The library was 

16 rescreened with probes generated from the positive 

17 clones and further homologous transcripts were 

18 isolated including a possible Jaggedl splice variant 

19 (Sequence ID No. 3) . Northern blotting for a range 

20 of cell lines with these probes revealed the 

21 presence of two transcripts (approximately 3.5kb & 

22 5 . Okb) . Subsequent protein studies 

23 (immunocytochemistry, immunoblotting and co- 

24 immunoprecipitation) indicate that the MQ1 protein 

25 has a high degree of homology with, but is not 

26 identical to, Jaggedl. 
27 

28 This investigation has identified a novel oncofetal 

29 glycoprotein with homology to Jaggedl. Its tumour 

30 specificity together with its potential role in 

31 regulating cellular differentiation /apoptosis 

32 suggest that it may be a valuable prognostic marker 
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1 and therapeutic target. 
2 

3 The invention will be more clearly understood from 

4 the following description of some embodiments 

5 thereof, given by way of example only, with 

6 reference to the following Figures in which: 
7 

8 Fig.lA illustrates confocal microscopy of live G-CCM 

9 cells immunolabelled with MQ1 showing recognition of 
10 a cell surface epitope; 

11 

12 Fig. IB illustrates confocal microscopy of 

13 permeabilized G-CCM cells immunolabelled with MQ1 

14 showing recognition of an intracellular epitope and 

15 localisation of the antigen at areas of cell contact 

16 on the cell surface; 
17 

18 Fig 2 shows a comparision of MQl expression, by 

19 immunocytochemistry and flow cytometry, on a range 

20 of fetal astrocyte cultures and astrocytoma cell 

21 lines. A-C show immunocytochemistry on live cells of 

22 a grade IV, grade III and 16 week gestation fetal 

23 astrocytes respectively. D-F chow the corresponding 

24 flow analysis with the same cells with the level of 

25 MQl surface expression estimated as mean channel 

26 fluorescence. G shows the results of the flow 

27 analysis plotted as a graph. This demonstrates an 

28 inverse correlation of cell surface MQl protein 

29 expression with fetal astrocyte maturity and 

30 correlation with astrocytoma grade ; 
31 

32 Fig. 3 shows immunohistochemistry displaying diffuse 
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1 MQ1 positivity throughout A) Grade I astrocytomas B) 

2 Grade II astrocytomas C) Grade III astrocytomas & D) 

3 focal positivity in grade IV astrocytoma cells 

4 palisading an area of necrosis ; 
5 

6 Fig. 4 shows MQ1 immunocytochemistry showing A) 

7 strong MQ1 positivity at the tumour front B) strong 

8 MQ1 positivity in reactive astrocytes in adjacent 

9 tissue C) GFAP positivity in reactive MS tissue D) 
10 MQ1 negative reactive MS tissue; 

11 

12 Fig. 5 shows MQ1 immunohistochemistry of breast 

13 carcinoma tissue showing A) strong MQ1 positivity in 

14 invasive ductal carcinoma cells surrounded by MQ1 

15 negative stroma B) strong MQ1 positivity in lobular 

16 carcinoma surrounded by MQ1 negative stroma; 
17 

18 Fig. 6 shows MQ1 immunocytochemistry of G-CCM cells 

19 treated with (A) O.lum control oligo (B) 0.5um 

20 control oligo .(C) 1 . Oum control oligo (D) 0.1 um 

21 anti-sense MQ1 oligo (E)0.5um anti-sense MQ1 oligo 

22 and (F) 1.0 p antisense oligo, showing that MQ1 

23 anti-sense oligo knocks out MQ1 protein expression 

24 at concentrations of 0.5 and 1.0 um; 
25 

26 Fig. 7 shows an iramunoblot indicating Parp cleavage 

27 of oligo- treated G-CCM cells; 
28 

29 Fig. 8 shows immunocytochemistry (ICC) detection of 

30 cleaved Caspase 3 following oligo treatmentl; and 
31 

32 Fig. 9 shows G-CCM cells labelled with MQ1 antibody 
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1 by ICC, 24 hours post- treatment with control and 

2 anti-sense oligonucleotides in which: 
3 

4 (A) control oligo O.IvlM 

5 (B) control oligo 0.5}iM 

6 (C) control oligo 1-OvtM 

7 (D) Anti-sense oligo 0 . lpM 

8 (E) Anti-sense oligo 0 . 5\M 

9 (F) Anti-sense oligo O.liiM 
10 

11 MATERIALS AND METHODS 
12 

13 Materials 
14 

15 All cell culture reagents were obtained from Gibco 

16 BRL (Paisley, UK) with the exception of the 

17 hypoxanthine, aminopterin and thymidine (HAT) and 

18 the hypoxanthine and thymidine (HT) that were 

19 obtained from Sigma (Poole, Dorset, UK) . The 

20 secondary and negative control antibodies were 

21 supplied by Dako (Bucks, UK) . The PARP and Caspase3 

22 antibodies were purchased from Sigma (Poole, Dorset, 

23 UK) and the Protein-A Sepharose CL4B from Pharmacia 

24 Biotech (Herts, UK). PTO linked oligonucleotides 

25 were obtained from MWG-Biotech (Germany) . 
26 

27 Cell culture 
28 

29 The CB109 cell line was established from a 

30 glioblastoma multiforme [6] and was a gift from Dr 

31 Claude Chauzy (Centre Henri Becquerel, Rouen, 

32 France) . The G-CCM cell line was derived from a 
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1 human anaplastic astrocytoma and was a gift from Dr 

2 Ian Freshney (Department of Clinical Oncology, $ 

3 University of Glasgow, UK) . The G-CCM cell line is 

4 commercially available from the European Collection 

5 of Cell Cultures under Deposit No 86022702. The 

6 fetal astrocyte cell cultures were a gift from Ms 

7 Kim Martin (Department of Neuropathology, Institute 

8 of Psychiatry, London, UK) . The C6 cell line, 

9 derived from a rat glioma , was obtained from Flow 

10 Laboratories (Scotland, UK) . The skin fibroblast 

11 cell culture was initiated in our laboratory from a 

12 surgical specimen obtained from the Neurological 

13 Unit (Royal Victoria Hospital, Belfast, UK) . The 

14 remaining glioma cell lines were initiated in our 

15 laboratory from surgical specimens received from the 

16 Neurosurgical Unit (Royal Victoria Hospital, 

17 Belfast, UK) and were used experimentally after 5-10 

18 passages. Tumour grading follows the World Health 

19 Organisation classification. Cell lines were 

20 incubated at 37oC/5% C02 in Dulbecco's modified 

21 Eagle's medium (DMEM) containing 2mM glutamine, 10% 

22 fetal calf serum (FCS) , and phenol red. All cell 

23 lines were tested for mycoplasma using Hoechst 33258 

24 fluorescent dye and were found to be negative. 
25 

26 Monoclonal antibody production 
27 

28 Mabs were produced utilizing a standardized protocol 

29 designed to promote a rapid predominantly IgG 

30 response. In brief, a BALB/c mouse was inoculated 

31 intra-peritoneally with 5x106 G-CCM cells in 1ml of 

32 Freund's complete adjuvant. Similar doses 
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1 emulsified in Freund's incomplete adjuvant were 

2 administrated 14 and 28 days later to boost the 

3 immune response. Four days after the final booster 

4 inoculation the mouse was killed, its spleen 

5 aseptically removed and the splenocytes induced to 

6 fuse with NSO myeloma cells (at a ratio 5:1) using 

7 polyethylene glycol. The resulting fusion products 

8 were suspended in a selective, HAT- supplemented, 

9 growth medium (RPMI-1640 medium containing lOmM L- 

10 glutamine, 1% sodium pyruvate, 100 iu/ml penicillin, 

11 100Dg/ml streptomycin and 20% Myoclone FCS) and 

12 seeded into 96-well plates. The medium, from the 

13 viable hybridomas produced, was screened by indirect 

14 immunofluorescence against live and acetone- fixed G- 

15 CCM cells. Those showing specific recognition were 

16 recloned three times, to ensure monospecif icity, in 

17 HT- supplemented growth medium and stored in liquid 

18 nitrogen. The hybridoma cell line MQ-1, which 

19 produced an antibody recognizing a cell surface 

20 antigen was propagated as an ascitic tumour in 

21 BALB/c mice previously immunosuppressed with 

22 Pristane. The ascitic fluids were collected, 

23 centrifuged and frozen at -20oC until use. 
24 

25 The positively labelling Mabs were isotyped for 

26 their class and light chains using a monoclonal 

27 antibody isotyping kit. 
28 

29 immunofluorescence 
30 

31 Hybridoma medium (neat) or ascites fluid (diluted 

32 1:200 in PBS) was incubated with living cells, grown 
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1 to 90% confluence on coverslips, for 40 min at room 

2 temperature (RT) . After washing, the cells were 

3 fixed in acetone at -20oC for 10 min followed by 

4 rehydration in PBS and incubation with an FITC- 

5 conjugated rabbit antimouse antibody (FITC-RAM) for 

6 30 min at RT. After two further washes the cells 

7 were mounted on a glass slide, in a drop of 

8 Citifluor, and examined using a Zeiss 

9 immunof luorescence microscope or a Biorad confocal 

10 microscope. Incubations in PBS without primary 

11 antibody were used as negative controls. The 

12 fluorescent labelling of positive cells was 

13 subjectively rated from low intensity ( + ) to high 

14 intensity (++++) . 
15 

16 Flow Cytometry 
17 

18 A preliminary study (results not shown) comparing 

19 the expression of MQ-1 protein on cells removed 

20 enzymatically (trypsin) and non-enzymatically (0.53 

21 mM EDTA in PBS) from culture flasks, revealed that 

22 the MQ1 protein epitope was trypsin-resistant . 
23 

24 Cultured cells were removed from the flasks by 

25 trypsinization 7 counted and aliquoted into 

26 centrifuge tubes at a concentration of 5x105 cells 

27 per tube. Triplicate samples were incubated in 

28 excess ascitic fluid in 200D1 of serum free medium 

29 containing 1% bovine serum albumin (SFM/BSA) for 40 

30 min at RT with gentle agitation. Following 2 

31 washes in SFM the cells were incubated in an FITC- 
RAM antibody for 30 min at RT with gentle 
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1 agitation. The cells were then washed twice in SFM 

2 and fixed in PBS containing 1% para-f ormaldehyde . 

3 The samples were analysed within 48 hr of fixation, 

4 using a Coulter EPICS Elite flow cytometer. 

5 Negative controls were incubated with an antibody 

6 raised against Aspergillus niger glucose oxidase, an 

7 enzyme not present or inducible in mammalian cells . 

8 The consistency of the mean channel fluorescence 

9 measurements between sample batches was checked 
10 using EPICS Immuno-Brite standards. 

11 

12 Immunohistochemistry 
13 

14 On receipt the tissue was fixed in 10% formalin 

15 prior to routine embedding in paraffin wax using a 

16 Tissue Tex VIP (Miles Scientific) automated 

17 processor. The paraffin blocks were sectioned at a 

18 thickness of 6mm and mounted onto 3- 

19 aminopropyltriethoxysilane-coated slides. The 

20 tissue sections for indirect immunohistochemistry 

21 were processed using an avidin-biotin peroxidase 

22 complex (ABC) method. The tissue was dewaxed in 

23 xylene and rehydrated before endogenous peroxidase 

24 activity was blocked by a lOmin incubation in 3% 

25 H202 in methanol at room temperature (RT) . To 

26 counter antigen masking, due to the formalin 

27 fixation, the tissue was pretreated with microwave 

28 irradiation to promote antigen retrieval. The 

29 sections were washed in distilled water and placed 

30 in 0.01M Tri-Na citrate pH7.8 and irradiated in a 

31 Miele microwave oven for 6min (2x3min) at 450W (the 

32 optimal toime and intensity of irradiation was 
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1 determined from preliminary studies) . After 

2 incubation in PBS containing 5% normal rabbit serum 

3 for lOmin at RT the sections were incubated in MQ1 

4 ascites (diluted 1:50 in PBS) at 4C overnight. 

5 Following 2x5min washes in PBS the sections were 

6 incubated in biotinylated rabbit anti-mouse IgM 

7 diluted 1:400 in PBS for 40min at RT. After further 

8 washes in PBS, a streptavidin-biotin complex linked 

9 to peroxidase was added to the sections and 
incubated for 40min at RT. The peroxidase reaction 

11 was developed in 0.1% diaminobenzidine in PBS 

12 activated with 1% H202 . After washing in water, the 

13 sections were counterstained in haematoxylin, 

14 dehydrated through graded alcohols, cleared in 

15 xylene and mounted in DPX. In addition to negative 

16 controls, incubated with a primary antibody raised 

17 against Aspergillus niger glucose oxidase, positive 

18 controls of histologically normal brain and 

19 astrocytoma tissue were included with every batch. 

20 cDNA Expression Library and screening. 
21 

22 G-CCM Cell cDNA Library Synthesis 
23 

24 A Total RNA isolation from G__CCM cells 

25 This was performed using Tel-Test RNA Stat-60, 

26 following their guidelines. Web Site 

27 www, isotexdiagnos tics . com/ma_stat-60__reagent . html 
28 

2 9 B mRNA Purification from Total RNA 

30 This was performed using Invitrogen' s FastTrack 

31 2.0 Kit, following their guidelines. Web Site 
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1 www. invitrogen. com/content . cfm?pagei d=3443&cf id=3308 

2 3 5&c f token= 53475959 #Fas tTr ack 
3 

4 c cDNA Library Synthesis from mRNA 

5 This was performed using a Stratagene cDNA 

6 synthesis kit (following their protocol) . 

7 Stratagene ZAP Express cDNA Synthesis Kit 

8 Instruction Manual 

9 www . s tr a tagene . com/manual s / 2 0 0 4 0 3 . pdf 
10 

11 RESULTS 
12 

13 Antibody Production 
14 

15 The fusion resulted in the production of five viable 

16 antibody secreting hybridomas which screened 

17 positively by immunofluorescence microscopy on 

18 acetone fixed G-CCM cells. Of these, one (hybridoma 

19 MQ1) was found to secrete an antibody which was 

20 isotyped as a class M immunoglobulin with a kappa- 

21 light chain. This antibody recognizes a cell 

22 surface epitope, showing punctate labelling, on live 

23 G-CCM cells. Further examination by confocal 

24 microscopy confirmed the cell surface labelling of 

25 live G-CCM cells and revealed the presence of an 

26 intra-cellular epitope in permeabilized cells 

27 (Figure 1A&B) . In addition examination of the 

28 permeabilized cells demonstrated localisation of 

29 labelling at focal adhesion points on the cell 

30 surface. 
31 

32 immunocYtochemistry 
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1 
2 
3 
4 
5 
6 
7 



A range of cell lines was examined by indirect 
immunofluorescence for the presence of the MQ-1 
antigen (Table 1) . 

Table 1 



8 
9 


CELL LINE 




M\2± JjABELiL ING 


10 


Fibroblasts 


"IVTr-v y ma ~\ eVi n 




11 


C6 




TP s 4- r*rT t /■Mti.sa 
x\d l y ii \jukX 




12 


FA 


10 weeks 


AAuiucui .LeLdA do UJLUL>y Leo 


+ 


13 


FA 


12 weeks 


Human f f^fr" a 1 acjt*rnnvi-oe 

J- ^ d j» do Li U w V Le o 


+ 


14 


FA 


14 weeks 


Human festal aQhnpvhpe 


+ 


15 


FA 


15 weeks 


Human fetal ac5f-r-or , \r<-oci 


+ 


16 


FA 


16 weeks 


Human fetal ast-rnrvhpc: 


+ 


17 


FA 


19 weeks 


Human fetal acifrnrvt-pc 


+ 


18 


NP 


527/94 


Pilocvtic astrnrvhoma /t^ 

^Av^jf J. w CIO LJL wLJy L wlLLd \ J. J 


++ 


19 


NP 


396/94 


Pilocvtic astrncvi-nma f "M 


++ 


20 


NP 


424/94 


ASLrOCyLOlUd V-Ll/ 


++ 


21 


NP 


676/92 


Astrocytoma (II) 


++ 


22 


NP 


445/92 


Astrocytoma (II) 


++ 


23 


NP 


204/92 


Astrocytoma (II) 


++ 


24 


NP 


482/96 


Astrocytoma (II) 


++ 


25 


NP 


473/92 


Anaplastic astrocytoma (III) 


+++ 


26 


G-CCM 


Anaplastic astrocytoma (III) 


++++ 


27 


NP 


493/94 


Anaplastic astrocytoma (III) 


+++ 


28 


NP 


785/96 


Anaplastic astrocytoma (III) 


+++ 


29 


NP 


402/93 


Glioblastoma multiforme (IV) 


++++ 


30 


NP 


293/96 


Glioblastoma multiforme (IV) 


+++ 


31 


NP 


602/91 


Glioblastoma multiforme (IV) 


++++ 


32 


NP 


536/94 


Glioblastoma multiforme (IV) 


+++ 
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1 NP 306/92 Glioblastoma multiforme (IV) ++++ 

2 NP 479/95 Glioblastoma multiforme (IV) + + + 

3 NP 770/96 Glioblastoma multiforme (IV) + + + 

4 NP 876/96 Glioblastoma multiforme (IV) + + + + 

5 NP 39/96 Glioblastoma multiforme (IV) + + + 

6 CB 109 Glioblastoma multiforme (IV) — 

7 NP 670/92 Glioblastoma multiforme (IV) 
8 

9 Table 1. Indirect immunofluorescence on a range of 

10 live cell lines and cell cultures with MQ1 antibody. 
11 

12 The results show that the human skin fibroblasts and 

13 the C6, rat glioma, cell lines do not express the 

14 antigen. The fetal astrocytes and glioma cell lines 

15 were positive with the exception of two cell lines 

16 (CB109 and NP670/92) derived from glioblastomas 

17 multiforme. Under subjective microscopic analysis 

18 there appeared to be a variation in labelling 

19 intensity between the positive cell lines. The high 

20 grade gliomas had a higher labelling intensity than 

21 low grade gliomas and fetal astrocytes. This was 

22 confirmed by flow cytometry (Figure 2) . The results 

23 show a progressive increase in MQ-1 antigen 

24 expression, as estimated by the mean channel 

25 fluorescence, from low to high grade astrocytomas, 

26 the expression on grade IV astrocytomas being more 

27 than double that of grade I astrocytomas. The fetal 

28 astrocytes showed a lower expression than the 

29 astrocytoma cell lines, that halved from fetal 

30 astrocytes of 12 weeks gestation to 16 weeks 

31 gestation. 
32 



1 Immunohi s t ochemi stry 
2 

3 The results of the immunohi stochemical study on 

4 primary brain tumours are summarized in Table 2. 
5 

6 Table 2 
7 

8 Tumour # Biopsies MQ1 positivity 

9 Astrocytomas 30 29/30 

10 Neurinoma 3 0/3 

11 Oligodendroglioma 3 0/3 

12 Medulloblastoma 3 0/3 

13 PNET 3 0/3 
14 

15 Table 2 Immunohi stochemical analysis of MQ1 immuno- 

16 labelling of a range of Primary Brain Tumours 

17 showing that of the tumour tissue tested only 

18 astrocytomas displayed MQ1 positivity. 
19 

20 The results show that of all the primary brain 

21 tumours tested (oligodenrogliomas, PNET etc) only 

22 astrocytomas were MQ1 positive. 

23 All pilocytic (grade I) astrocytomas showed a 

24 similar staining pattern. There was strong cellular 

25 immunostaing of MQ1 proteins which extended to the 

26 cellular processes of bipolar cells (Fig3A) . The 

27 immunopositive cells stood out prominently against a 

28 loosely arranged less cellular stroma. 

29 The astrocytomas (grade II) and anaplastic (grade 

30 III) astrocytomas revealed a diffuse 

31 immunopositivity and the staining pattern was 

32 similar in all (Pig 3B&C) . There was variation in 
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1 the staining pattern of glioblastomas . Out of 16 

2 glioblastomas tested, 1 was unreactive revealing no 

3 MQ1 protein expression whereas 14 showed focal 

4 positivity and one diffuse immunostaining (Fig 3D) . 

5 Focal positivity was observed as clusters or groups 

6 of positive cells surrounded by unreactive aresas. 

7 Tumour cells palisading around areas of necrosis, a 

8 characteristic feature of glioblastomas also reveled 

9 focal positivity. However tumour giant cells, 

10 bizarre cells and clusters of proliferating 

11 endothelial cells were negative for MQ1 protein 

12 expression. The oligodendroglial cells were 

13 negative. Within adjacent grey matter the neurones 

14 did not show immunolabelling for the MQ1 proteins. 

15 The endothelial cells lining small and large blood 

16 vessels in and around tumours of all grades showed 

17 no MQ1 protein expression. There was no 

18 immunolabelling of lymphocytes in the perivascular 

19 spaces. The infiltrating edge of the tumours and 

20 the adjacent glial areas showed prominent labelling 

21 of large reactive astrocytes (Fig4 A&B) ) . Such 

22 cells revealed multiple processes. However this MQl 

23 positivity in reactive astrocytes was only found 

24 surrounding MQl positive tumours, other reactive 

25 tissue such as MS tissue that shows prominent 

26 reactive astrocytes when labeled for GFAP (FIG 4C) 

27 displayed no MQl positivity in the 10 biopsies 

28 tested (Fig 4D) . 

29 In non-CNS tissue tested malignant melanoma and 

30 breast 2o to the brain were found to express the MQl 

31 proteins (Table 3) . 
32 
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1 Table 3 
2 



3 Tissue # Biopsies MQ1 Positivity 

4 Breast 20 (brain) 3 



3/3 



5 Breast lo 228 137 /228 

6 Fibroadenoma 5 

7 Fibrocystic Diease 5 

8 M.Melanoma2o (brain) 4 



9 

10 Table 3 Immunohistochemical MQ1 immunolabelling of a 

11 range of non-CNS tumours, showing MQ1 positivity in 

12 60% of primary breast tumours and no positivity in 

13 fibrocystic diease and fibroadenomas that are non- 
14 malignant breast conditions. 

15 

16 Of the primary breast tumours tested 137/228 were 

17 MQ1 positive while fibrocystic diease and 

18 fibroadenoma tissues, both premalignant conditions 

19 displayed no MQ1 positivity. Figures shows strong 

20 MQ1 positivity in invasive ductal carcinoma cells 

21 and lobular carcinoma cells surrounded by MQ1 

22 negative stroma. 
23 

24 Isolation of MQ-1 Clones 
25 

26 Screening of a cDNA expression library (from G-CCM 

27 mRNA) with the MQ1 antibody identified two clones 

28 with significant homology to the Jagged 1 protein 

29 (Sequence ID No's 1 and 2). 
30 

31 Antisense - Treatment Protocol 

32 



0/5 
0/5 
4/4 
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1 Antisense Oligonucleotide 

2 5'-tgg gga acg cat cgc tgc-3' (Sequence ID No. 4) 
3 

4 Antisense Control Oligonucleotide 

5 5'-tgg gga ccg cat cgc tgc-3' (Sequence ID No. 5) 
6 

7 The PTO linked antisense oligonucleotide was 

8 designed against the transcription initiation site 

9 and kozac sequence at the beginning of the Jaggedl 

10 gene (Accession number AF028593) . The control 

11 oligonucleotide was the same 18 mer with one base 

12 changed (therefore being the tightest control 

13 possible to generate) . Both oligonucleotides were 

14 synthesized by MWG Biotech. For colony count assays 

15 G-CCM cells were seeded out into 24well plates at 

16 50,000 cells/well. The cells were incubated for 

17 24hrs in growth medium and then washed with serum 

18 free medium (SFM) . The cells were then either 

19 treated with lipofectin (Invitrogen Life 

20 Technologies) alone following the standard protocol 

21 (at 5m1MD or lipofectin with the antisense and 

22 antisense control oligonucleotides at a range of 

23 concentrations (0.1, 0.5 and 1.0 MM) for 16hrs. 

24 Following treatment the cells were washed twice with 

25 SFM and then incubated in growth medium for 24 and 

26 48hrs. The results (Figure 6) show that treatment 

27 with the antisense oligonucleotide at concentrations 

28 of 0.5 and 1.0 /iM reduced the tumour cell population 

29 when compared to the control oligonucleotide and 

30 lipofectin alone treatment. To assess whether this 

31 was due to the induction of apoptosis similarly 

32 treated cells were harvested for their protein and 
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1 examined for Parp cleavage (an indicator of 

2 apoptosis) by immunoblotting. The results (Figure 

3 7) clearly show a reciuction in the level of Parp at 

4 0.5 and 1.0/xM antisense oligonucleotide treatment 

5 when compared to control oligonucleotide and 

6 lipofectin alone treatment. Thus indicating that 

7 the antisense oligonucleotide treatment induces 

8 apoptosis in the G-CCM cells. To confirm this, 

9 treated G-CCM cells were also examined for the 

10 presence of cleaved Caspase 3 (another indicator of 

11 apoptosis) by immunocytochemistry . The results 

12 (Figure 8) show that G-CCM cells treated with 1.0/iM 

13 displayed caspase 3 cleavage thus indicating that 

14 apoptosis was being induced. To demonstrate that 

15 these effects were due to the knocking out of the 

16 MQ1 proteins by the antisense oligonucleotides, 

17 treated cells were examined for the presence of the 

18 MQ1 proteins by immunocytochemistry with the MQ1 

19 antibody. The results (Figure 9) show that the 

20 expression levels of the MQ1 proteins is reduced by 

21 antisense oligonucleotide treatment when compared to 

22 the control oligonucleotide. 
23 

24 The discovery highlighted by this work has potential 

25 uses as a: 
26 

27 Diagnostic Tool- The antibody clearly distinguishes 

28 astrocytomas from other primary brain tumours, 

29 normal cells and reactive gliosis. In addition it 

30 recognizes 60% of primary breast tumours tested. 
31 

32 Targeting Device- The specificity of the antibody 
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means it could be used as a targeting devise such as 
in radioinvmunotherapy . 

Therapeutic Target- The antibody itself could be 
used as a therapeutic agent by blocking out 
signaling through the MQl /Notch pathway thus 
inducing apoptosis in astrocytoma cells. 



The invention is not limited to the embodiments 
hereinbefore described which may be varied with 
departing from the spirit of the invention. 



P32890-SeqList 

SEQUENCE LISTING 
<110> The Queen's University of Belfast 
<120> Cancer Diagnosis and Therapy 
<130> P32890-/GTO/BPU 
<160> 5 

<170> Patentln version 3.1 

<210> 1 

<211> 2823 

<212> DNA 

<213> Artificial Sequence 



<223> CDNA clone of MQ1 cell surface glycoprotein of Astrocytoma 
cell 

gctcagaata ccaatgactg cagccctcat ccctgttaca acagcggcac ctgtgtggat 
60 

ggagacaact ggtaccggtg cgaatgtgcc ccgggttttg ctgggcccga ctgcagaata 
120 

aacatcaatg aatgccagtc ttcaccttgt gcctttggag cgacctgtgt ggatgagatc 
180 

aatggctacc ggtgtgtctg ccctccaggg cacagtggtg ccaagtgcca ggaagtttca 
240 

gggagacctt gcatcaccat ggggagtgtg ataccagatg gggccaaatg ggatgatgac 
300 

tgtaatacct gccagtgcct gaatggacgg atcgcctgct caaaggtctg gtgtggccct 
360 

cgaccttgcc tgctccacaa agggcacagc gagtgcccca gcgggcagag ctgcatcccc 
420 

atcctggacg accagtgctt cgtccacccc tgcactggtg tgggcgagtg tcggtcttcc 
480 

agtctccagc cggtgaagac aaagtgcacc tctgactcct attaccagga taactgtgcg 
540 

aacatcacat ttacctttaa caaggagatg atgtcaccag gtcttactac ggagcacatt 
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tgcagtgaat tgaggaattt gaatattttg aagaatgttt ccgctgaata ttcaatctac 
660 

atcgcttgcg agccttcccc ttcagcgaac aatgaaatac atgtggccat ttctgctgaa ^ 
9ata ^ a Q 9gg at 9atgggaa cccgatcaag gaaatcactg acaaaataat cgatcttgtt 
agta 840 9t9 atggaaacag c tcgctgatt gctgccgttg cagaagtaag agttcagagg 
c 9gcctctga agaacagaac agatttcctt gttcccttgc tgagctctgt cttaactgtg 

gcttggatct gttgcttggt gacggccttc tactggtgcc tgcggaagcg gcggaagccg 
96 0 

ggcagccaca cacactcagc ctctgaggac aacaccacca acaacgtgcg ggagcagctg 

aaccagatca aaaaccccat tgagaaacat ggggccaaca cggtccccat caaggattat 
1 0 8 0 ^ 

9a9 1140 aga aGtccaaaat gtctaaaata aggacacaca attctgaagt agaagaggac 

gacatggaca aacaccagca gaaagcccgg tttgccaagc agccggcgta cacgctggta 
X 2 0 0 

gacagagaag agaagccccc caacggcacg ccgacaaaac acccaaactg gacaaacaaa 

12 S 0 

caggacaaca gagacttgga aagtgcccag agcttaaacc gaatggagta catcgtatag 

cagaccgcgg gcactgccgc cgctaggtag agtctgaggg cttgtagttc tttaaactgt 

13 80 

cgtgtcatac tcgagtctga ggccgttgct gacttagaat ccctgtgtta atttaagttt 
1440 ~ 

tgacaagctg gcttacactg gcaatggtag tttctgtggt tggctgggaa atcgagtgcc 
1500 

gcatctcaca gctatgcaaa aagctagtca acagtaccct ggttgtgtgt ccccttgcaci 
1560 * 

ccgacacggt ctcggatcag gctcccagga gcctgcccag ccccctggtc tttgagctcc 
1620 * ~ 

cacttctgcc agatgtccta atggtgatgc agtcttagat catagtttta tttatattta 
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1680 

ttgactcttg agttgttttt gtatattggt tttatgatga cgtacaagta gttctgtatt 
1740 

tgaaagtgcc tttgcagctc agaaccacag caacgatcac aaatgacttt attatttatt 
1800 

ttttttaatt gtatttttgt tgttggggga ggggagactt tgatgtcagc agttgctggt 
1860 

aaaatgaaga atttaaagaa aaaaatgtca aaagtagaac tttgtatagt tatgtaaata 
1920 

attctttttt attaatcact gtgtatattt gatttattaa cttaataatc aagagcctta 
1980 

aaacatcatt cctttttatt tatatgtatg tgtttagaat tgaaggtttt tgatagcatt 
2040 

gtaagcgtat ggctttattt ttttgaactc ttctcattac ttgttgccta taagccaaaa 
2100 

ttaaggtgtt tgaaaatagt ttattttaaa acaataggat gggcttctgt gcccagaata 
2160 

ctgatggaat ttttttgtac gacgtcagat gtttaaaaca ccttctatag catcacttaa 
2220 

aacacgtttt aaggactgac tgaggcagtt tgaggattag tttagaacag gtttttttgt 
2280 

ttgtttgttt tttgtttttc tgctttagac ttgaaaagag acaggcaggt gatctgctgc 
2340 

agagcagtaa gggaacaagt tgagctatga cttaacatag ccaaaatgtg agtggttgaa 
2400 

tatgattaaa aatatcaaat taattgtgtg aacttggaag cacaccaatc ttactttgta 
2460- 

aattctgatt tcttttcacc attcgtacat aatactgaac cacttgtaga tttgattttt 
2520 

tttttaatct actgcattta gggagtattc taataagcta gttgaatact tgaaccataa 
2580 

aatgtccagt aagatcactg tttagatttg ccatagagta cactgcctgc cttaagtgag 
2640 

gaaatcaaag tgctattacg aagttcaaga tcaaaaaggc ttataaaaca gagtaatctt 
2700 
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gttggttcac cattgagacc gtgaagatac tttgtattgt cctattagtg ttatatgaac 




atacaaatgc atctttgatg tgttgttctt ggcaataaat tttgaaaagt aatatttatt 
2820 



aaa 

2823 



<210> 2 

<211> 2476 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> cDNA clone of MQ-1 cell surface glycoprotein of Astrocytom 
a cell 

<400> 2 

aggtctggtg tggccctcga ccttgcctgc tccacaaagg gcacagcgag tgccccagcg 
60 

ggcagagctg catccccatc ctggacgacc agtgcttcgt ccacccctgc actggtgtgg 
12 0 



gcgagtgtcg gtcttccagt ctccagccgg tgaagacaaa gtgcacctct gactcctatt 
180 



accaggataa ctgtgcgaac atcacattta cctttaacaa ggagatgatg tcaccaggtc 
240 



ttactacgga gcacatttgc agtgaattga ggaatttgaa tattttgaag aatgtttccg 
300 



ctgaatattc aatctacatc gcttgcgagc cttccccttc agcgaacaat gaaatacatg 
360 



tggccatttc tgctgaagat atacgggatg atgggaaccc gatcaaggaa atcactgaca 
420 



aaataatcga tcttgttagt aaacgtgatg gaaacagctc gctgattgct gccgttgcag 
480 

aagtaagagt tcagaggcgg cctctgaaga acagaacaga tttccttgtt cccttgctga 
540 ~ ~ - - 



gctctgtctt aactgtggct tggatctgtt gcttggtgac ggccttctac tggtgcctgc 
600 



ggaagcggcg gaagccgggc agccacacac actcagcctc tgaggacaac accaccaaca 
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660 



acgtgcggga gcagctgaac cagatcaaaa accccattga gaaacatggg gccaacacgg 
720 

tccccatcaa ggattatgag aacaagaact ccaaaatgtc taaaataagg acacacaatt 
780 

ctgaagtaga agaggacgac atggacaaac accagcagaa agcccggttt gccaagcagc 
840 

cggcgtacac gctggtagac agagaagaga agccccccaa cggcacgccg acaaaacacc 
900 

caaactggac aaacaaacag gacaacagag acttggaaag tgcccagagc ttaaaccgaa 
960 

tggagtacat cgtatagcag accgcgggca ctgccgccgc taggtagagt ctgagggctt 
1020 

gtagttcttt aaactgtcgt gtcatactcg agtctgaggc cgttgctgac ttagaatccc 
1080 

tgtgttaatt taagttttga caagctggct tacactggca atggtagttt ctgtggttgg 
1140 

ctgggaaatc gagtgccgca tctcacagct atgcaaaaag ctagtcaaca gtaccctggt 
1200 

tgtgtgtccc cttgcagccg acacggtctc ggatcaggct cccaggagcc tgcccagccc 
1260 

cctggtcttt gagctcccac ttctgccaga tgtcctaatg gtgatgcagt cttagatcat 
1320 

agttttattt atatttattg actcttgagt tgtttttgta tattggtttt atgatgacgt 
1380 

acaagtagtt ctgtatttga aagtgccttt gcagctcaga accacagcaa cgatcacaaa 
1440 

tgactttatt atttattttt tttaattgta tttttgttgt tgggggaggg gagactttga 
1500 

tgtcagcagt tgctggtaaa atgaagaatt taaagaaaaa aatgtcaaaa gtagaacttt 
1560 

gtatagttat gtaaataatt cttttttatt aatcactgtg tatatttgat ttattaactt 
1620 

aataatcaag agccttaaaa catcattcct ttttatttat atgtatgtgt ttagaattga 
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aggtttttga tagcattgta agcgtatggc tttatttttt tgaactcttc tcattacttq 
1740 "" 

# 

ttgcctataa gccaaaatta aggtgtttga aaatagttta ttttaaaaca ataggatqgq 
1800 

cttctgtgcc cagaatactg atggaatttt tttgtacgac gtcagatgtt taaaacacct 
1860 ~ " " 

tcfc atagcat cacttaaaac acgttttaag gactgactga ggcagtttga ggattagttt 

agaacaggtt tttttgtttg tttgtttttt gtttttctgc tttagacttg aaaagagaca 
1980 

ggcaggtgat ctgctgcaga gcagtaaggg aacaagttga gctatgactt aacatagcca 
2040 

aaatgtgagt ggttgaatat gattaaaaat atcaaattaa ttgtgtgaac ttggaagcac 
2100 

accaatctta ctttgtaaat tctgatttct tttcaccatt cgtacataat actgaaccac 
2160 . 

ttgtagattt gatttttttt ttaatctact gcatttaggg agtattctaa taagctagtt 
2220 

gaatacttga accataaaat gtccagtaag atcactgttt agatttgcca tagagtacac 
2280 

tgcctgcctt aagtgaggaa atcaaagtgc tattacgaag ttcaagatca aaaaggctta 
2340 

taaaacagag taatcttgtt ggttcaccat tgagaccgtg aagatacttt gtattgtcct 
2400 

attagtgtta tatgaacata caaatgcatc tttgatgtgt tgttcttggc aataaatttt 
2460 

gaaaagtaat atttat 
2476 



<210> 3 

<211> 2721 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Splice Variant 
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<400> 3 

atgcgttccc cacggacgcg 
60 

ctctgtgccc tgcgagccaa 
120 

tccatgcaga acgtgaacgg 
180 

ccgggagacc gcaagtgcac 
^240 

gagtatcagt cccgcgtcac 
300 

gtcatcgggg gcaacacctt 
360 

gtgctgcctt tcagtttcgc 
420 

tccagtaatg acaccgtcga 
480 

tcttactacg gagcacattt 
54 0 

cgctgaatat tcaatctaca 
600 

tgtggccatt tctgctgaag 
660 

caaaataatc gatcttgtta 
720 

agaagtaaga gttcagaggc 
780 



gagctctgtc ttaactgtgg 
84 0 



gcggaagcgg cggaagccgg 
900 



caacgtgcgg gagcagctga 
960 



ggtccccatc aaggattatg 
1020 



P32890-SeqList 

cggc egg t c c gggege c c c c 
ggtgtgtggg gcctcgggtc 
ggagctgcag aacgggaact 
ccgcgacgag tgtgacacat 
ggccgggggg ccctgcagct 
caacctcaag gccagccgcg 
ctggccgagg tectataegt 
acatcacatt tacctttaac 
gcagtgaatt gaggaatttg 
tegcttgega gccttcccct 
atataeggga tgatgggaac 
gtaaacgtga tggaaacagc 
ggcctctgaa gaacagaaca 
cttggatctg ttgcttggtg 
gcagccacac acactcagcc 
accagatcaa aaaccccatt 
agaacaagaa ctccaaaatg 



taagcctcct gctcgccctg 
agttcgagtt ggagatcctg 
getgeggegg cgcccggaac 
acttcaaagt gtgcctcaag 
teggctcagg gtccacgcct 
gcaacgaccg caaccgcatc 
tgcttgtgga ggcgtgggat 
a aggaga t ga t g t c a c c agg 
aatattttga agaatgtttc 
teagegaaca atgaaataca 
ccgatcaagg aaatcactga 
tegctgattg ctgccgttgc 
gatttccttg ttcccttgct 
acggccttct actggtgcct 
tctgaggaca acaccaccaa 
gagaaacatg gggccaacac 
tctaaaataa ggacacacaa 
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ttctgaagta gaagaggacg acatggacaa acaccagcag aaagcccggt ttgccaagca 
1080 

gccggcgtac acgctggtag acagagaaga gaagcccccc aacggcacgc cgacaaaaca 
1140 

cccaaactgg acaaacaaac aggacaacag agacttggaa agtgcccaga gcttaaaccg 
1200 

aatggagtac atcgtatagc agaccgcggg cactgccgcc gctaggtaga gtctgagggc 
12 60 

ttgtagttct ttaaactgtc gtgtcatact cgagtctgag gccgttgctg acttagaatc 
1320 

cctgtgttaa tttaagtttt gacaagctgg cttacactgg caatggtagt ttctgtggtt 
1380 

ggctgggaaa tcgagtgccg catctcacag ctatgcaaaa agctagtcaa cagtaccctg 
1440 

gttgtgtgtc cccttgcagc cgacacggtc tcggatcagg ctcccaggag cctgcccagc 
1500 

cccctggtct ttgagctccc acttctgcca gatgtcctaa tggtgatgca gtcttagatc 
1560 

atagttttat ttatatttat tgactcttga gttgtttttg tatattggtt ttatgatgac 
1620 

gtacaagtag ttctgtattt gaaagtgcct ttgcagctca gaaccacagc aacgatcaca 
1680 

aatgacttta ttatttattt tttttaattg tatttttgtt gttgggggag gggagacttt 
1740 

gatgtcagca gttgctggta aaatgaagaa tttaaagaaa aaaatgtcaa aagtagaact 
1800 

ttgtatagtt atgtaaataa ttctttttta ttaatcactg tgtatatttg atttattaac 
1860 

ttaataatca agagccttaa aacatcattc ctttttattt atatgtatgt gtttagaatt 
1920 

gaaggttttt gatagcattg taagcgtatg gctttatttt tttgaactct tctcattact 
1980 

tgttgcctat aagccaaaat taaggtgttt gaaaatagtt tattttaaaa caataggatg 
2040 " ~ 

ggcttctgtg cccagaatac tgatggaatt tttttgtacg acgtcagatg tttaaaacac 
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2100 

cttctatagc atcacttaaa acacgtttta aggactgact gaggcagttt gaggattagt 
2160 

ttagaacagg tttttttgtt tgtttgtttt ttgtttttct gctttagact tgaaaagaga 
2220 

caggcaggtg atctgctgca gagcagtaag ggaacaagtt gagctatgac ttaacatagc 
2280 

caaaatgtga gtggttgaat atgattaaaa atatcaaatt aattgtgtga acttggaagc 
2340 

acaccaatct tactttgtaa attctgattt cttttcacca ttcgtacata atactgaacc 
2400 

acttgtagat ttgatttttt ttttaatcta ctgcatttag ggagtattct aataagctag 
2460 

ttgaatactt gaaccataaa atgtccagta agatcactgt ttagatttgc catagagtac 
2520 

actgcctgcc ttaagtgagg aaatcaaagt gctattacga agttcaagat caaaaaggct 
2580 

tataaaacag agtaatcttg ttggttcacc attgagaccg tgaagatact ttgtattgtc 
2640 

ctattagtgt tatatgaaca tacaaatgca tctttgatgt gttgttcttg gcaataaatt 
2700 

ttgaaaagta atatttatta a 
2721 



<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Antisense Oligonucleotide 
<400> 4 

tggggaacgc atcgctgc 
18 



<210> 5 

<211> 18 

<212> DNA 

<213> Artificial Antisense Control Oligonucleotide 

<400> 5 
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tggggaccgc atcgctgc 
18 
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CLAIMS 

1 

2 1. An isolated nucleic acid sequence which 

3 comprises a sequence selected from the group 

4 consisting of: Sequence ID No.l, Sequence ID No. 2, 

5 and sequence ID No 3 . 
6 

7 2. An isolated nucleic acid sequence according to 

8 Claim 1 in which the nucleic acid sequence is a DNA 

9 sequence . 
10 

11 3. An isolated nucleic acid sequence according to 

12 Claim 1 or 2 in which the nucleic acid sequence 

13 consists of a sequence selected from the group 

14 consisting of: Sequence ID No.l, Sequence ID No. 2, 

15 and Sequence ID No. 3. 
16 

17 4. An isolated protein encoded by a nucleic acid 

18 sequences according to any of Claims 1 to 3 . 
19 

20 5. An isolated protein according to Claim 4 in 

21 which the protein is a cell surface glycoprotein. 
22 

23 6. An isolated protein as claimed in Claim 4 or I 

24 which is an oncofetal protein expressed by an 

25 astrocytoma cell. 
26 

27 7. An isolated protein as claimed in any of 



2 . 

1 Claims 4 to 6 having a molecular weight of 

2 approximately 200kda. 
3 

4 8. An antibody which binds specifically to the 

5 protein of any of claims 4 to 7, and any other 

6 antibody that competes directly or by stearic 

7 hindrance therewith for said protein. 
8 

9 9. An antibody as claimed in Claim 8 which is a 

10 monoclonal antibody. 
11 

12 10. An antibody as claimed in Claim 8 or 9 which 

13 is a class M immunoglobulin with a kappa-light 

14 chain. 
15 

16 11. a fragment of the antibody of any of Claims 8 

17 to 11, which fragment binds specifically to the 

18 protein of the invention. 
19 

20 12 • A method of producing an antibody to a 

21 protein comprising: 

22 - innoculating an animal with a protein according 

23 to any of Claims 4 to 7, wherein the protein 

24 elicits an immune response in the animal to 

25 produce the antibody; and 
26 

27 - isolating the antibody from the animal. 
28 

29 13 . A method of producing an antibody as claimed 

30 in Claim 11 in which the animal is innoculated with 

31 G-CCM cells of ECACC deposit No. 86022702. 



1 14. A method for producing a hybridoma, comprising 

| 2 the step of innoculating a suitable subject with a 

3 protein according to any of Claims 4 to 7, or an 

4 antigenic fragment thereof, and fusing cells from 

5 the subject with a myeloma cell to produce the 

6 hybridoma . 
7 

8 15 . A method according to Claim 14 in which the 

9 subject is innoculated with G-CCM cells of ECACC 
10 deposit No. 86022702. 

11 

12 16. A hybridoma cell obtainable according to the 

13 method of Claims 14 or 15. 
14 

15 17. A hybridoma cell of, or derived from, ECACC 

16 Deposit No. 03073001. 
17 

18 18 . A monoclonal antibody obtainable from a 

19 hybridoma cell of, or derived from, ECACC Deposit 

20 No. 03073001. 
21 

22 19 . A method of detecting an astrocytoma cell in a 

23 sample of human cells, which method comprises the 

24 step of contacting the cell sample with an antibody 

25 according to any of Claims 8 to 10, or 18, or a 

26 fragment thereof, and detecting those cells which 

27 have bound the antibody or fragment, wherein binding 

28 of the antibody or the fragment to a cell is 

29 indicative of an astrocytoma cell. 
30 

31 20. A method as claimed in Claim 19 in which the 

32 antibody is a monoclonal antibody. 



1 

2 21. A method of detecting a primary breast 

3 carcinoma cell in a sample of human cells, which 

4 method comprises the step of contacting the cell 

5 sample with an antibody according to any of Claims 8 

6 to 10, or 18, or a fragment thereof, and detecting 

7 those cells which have bound the antibody or 

8 fragment, wherein binding of the antibody or the 

9 fragment to a cell is indicative of a primary breast 
10 carcinoma cell. 

11 

12 22 - A method according to Claim 21 in which the 

13 antibody is a monoclonal antibody. 
14 

15 23 • A diagnostic kit for diagnosing the presence 

16 of a cell selected from the group consisting of: 

17 astrocytoma cells; malignant melanoma secondary 

18 tumour cells; and primary breast carcinoma cells, 

19 the kit comprising a (primary) antibody according to 

20 any of Claims 8 to 10, or 18, or a fragment thereof. 
21 

22 24 • A diagnostic kit as claimed in Claim 23 in 

23 which the antibody comprises a detectable label. 
24 

25 25 • A diagnostic kit as claimed in Claim 23 in 

26 which the kit comprises a secondary antibody which 

27 specifically binds the (primary) antibody, which 

28 secondary antibody comprises a detectable label. 
29 

30 26. A biological targeting device comprising an 

31 antibody according to any of Claim 8 to 10, or 18, 

32 or a fragment thereof, and a therapeutic ligand. 



5 



1 

2 27. A therapeutic antibody comprising an antibody 

3 according to any of Claims 8 to 10, or 18, or a 

4 fragment thereof. 
5 

6 28. A method of treating cancer in an individual 

7 by inducing apoptosis in cells in the individual 

8 which express an MQl protein, which method comprises 

9 a step of treating an individual with an antibody of 
10 any of Claims 8 to 10, or 18, or a fragment thereof. 
11 

12 29. A method according to Claim 28 in which the 

13 cancer is selected from the group consisting of: 

14 malignant astrocytomas ; malignant melanoma 

15 secondary tumours; and primary breast carcinomas. 
16 

17 30. A method according to Claim 28 or 29 in whicl 

18 the antibody is a monoclonal antibody ; 
19 

20 31. A method as claimed in any of Claims 28 to 31 

21 in which the antibody is humanised. 
22 

23 32 . A polynucleotide which is anti-sense to an 

24 isolated nucleic acid sequence of any of Claims 1 t 

25 3. 
26 

27 33. An anti-sense polynucleotide as claimed in 

28 Claim 32 comprising the sequence of Sequence ID No. 

29 4. 
30 

31 34. An anti-sense polynucleotide as claimed in 

32 Claim 32 consisting of the sequence of Sequence ID 



6 



1 No. 4. 

2 

3 35. A method of treating cancer in an individual 

4 by inducing apoptosis in cells in the individual 

5 which express an MQ1 protein, which method comprises 

6 a step of treating an individual with an anti-sense 

7 polynucleotide of any of Claims 32 to 34. 
8 

9 36. A method according to Claim 35 in which the 

10 cancer is selected from the group consisting of: 

11 malignant astrocytomas; malignant melanoma secondary 

12 tumours; and primary breast carcinomas. 



I ABSTRACT 

2 

3 Cancer Diagnosis and Therapy 

4 

5 The invention relates to an oncofetal glycoprotein, 

6 referred to as MQ-1, nucleic acid sequences coding 

7 for the protein, and antibodies which bind 

8 specifically to the protein. Also described is a 

9 hybridoma capable of producing monoclonal antibodies 
10 which bind specifically to the protein of the 

II invention. Methods, and kits, for diagnosing and 

12 treating cancer using the antibodies of the 

13 invention are also described. Anti-sense 

14 polynucleotides are also described, as are methods 

15 for inducing apoptosis in cells which express MQ-1. 
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